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(57) ABSTRACT

The present invention provides a solid-state imaging appara-
tus which has hollow portions provided around each of color
filters and achieves the prevention of the peeling of each of the
color filters. The solid-state imaging apparatus having a plu-
rality of light receiving portions provided on a semiconductor
substrate includes: a plurality of color filters arranged corre-
spondingly to each of the plurality of light receiving portions;
and hollow portions formed around each of the plurality of
color filters, wherein each of the color filters has one periph-
eral part contacting with adjacent one or more of the color
filters.

7 Claims, 6 Drawing Sheets
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SOLID-STATE IMAGING APPARATUS AND
METHOD OF MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a solid-state imaging appa-
ratus (solid-state image sensing device) such as a CCD sensor
and a CMOS sensor, and to a method of manufacturing the
same.

2. Description of the Related Art

The technology is desired for a solid-state imaging appa-
ratus, which enhances a light-concentrating efficiency to a
light receiving portion and more efficiently concentrates inci-
dent light particularly with a sharp angle to the light receiving
portion. For instance, in recent years, a solid-state imaging
apparatus is proposed that has a structure in which a hollow
portion is formed in a region corresponding to the periphery
of a light receiving portion, and a light-concentrating effi-
ciency to the light receiving portion is enhanced with the use
of reflection on the boundary face of the hollow portion (for
instance, see FIG. 23 in Japanese Patent Application Laid-
Open No. 2010-4018).

Specifically, in Japanese Patent Application Laid-Open
No. 2010-4018, a technology is disclosed which forms the
above described hollow portion between each color filter that
is provided correspondingly to each light receiving portion in
the upper part of each of the light receiving portions as in F1G.
23. As for more details, in FIG. 23 of Japanese Patent Appli-
cation Laid-Open No. 2010-4018, color filters of R, G and B
are illustrated, which are color filters of so-called primary
color system, and the hollow portions are formed so as to
surround the peripheries of the color filters of R and B.

However, according to the above described technique of
Japanese Patent Application Laid-Open No. 2010-4018, there
has been the case where the peeling of the color filters (spe-
cifically, color filters of R and B) occurs in a cleaning step in
amanufacturing process of the solid-state imaging apparatus,
a thermal shock test to the solid-state imaging apparatus, or
the like.

The present invention provides a solid-state imaging appa-
ratus which can suppress the peeling of each of the color
filters in a solid-state imaging apparatus having hollow por-
tions provided between each of the color filters, and provides
a method of manufacturing the same.

SUMMARY OF THE INVENTION

According to an aspect of the present invention, a solid-
state imaging apparatus having a plurality of light receiving
portions on at one surface of a semiconductor substrate com-
prises: a plurality of color filters arranged correspondingly to
each of the plurality of light receiving portions; and a hollow
portion formed around each of the plurality of color filter,
wherein each of the plurality of color filters has one peripheral
part contacting with an adjacent one or more of the plurality
of color filters , and has the other peripheral part around the
hollow portion.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top plan view of each color filter, which is one
configuration of a solid-state imaging apparatus (solid-state
image sensing device) according to a first embodiment of the
present invention.
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FIGS. 2A and 2B are enlarged views of a region A illus-
trated in FIG. 1.

FIGS. 3A, 3B, 3C, 3D and 3E are schematic views illus-
trating one example of a method of manufacturing a solid-
state imaging apparatus (solid-state image sensing device)
according to the first embodiment of the present invention.

FIG. 4 is a top plan view of each color filter, which is one
configuration of a solid-state imaging apparatus (solid-state
image sensing device) according to a second embodiment of
the present invention.

FIG. 5 is a top plan view of each color filter, which is one
configuration of a solid-state imaging apparatus (solid-state
image sensing device) according to a third embodiment of the
present invention.

FIG. 6 is a top plan view of each color filter, which is one
configuration of a solid-state imaging apparatus (solid-state
image sensing device) according to a fourth embodiment of
the present invention.

DESCRIPTION OF THE EMBODIMENTS

Preferred embodiments of the present invention will now
be described in detail in accordance with the accompanying
drawings.

(First Embodiment)

Firstly, a first embodiment of the present invention will be
described below.

FIG. 1isatop plan view of each of color filters 5 to 7, which
is one configuration of a solid-state imaging apparatus (solid-
state image sensing device) according to the first embodiment
of the present invention. Here, a configuration for 9 pixels is
illustrated in FIG. 1 as one example, in which any one color
filter out of a first color filter 5, a second color filter 6 and a
third color filter 7 is provided in every pixel. The first color
filter 5, for instance, is a green (G) filter, the second color filter
6, for instance, is ared (R) filter, and the third color filter 7, for
instance, is a blue (B) filter. Specifically, in the example
illustrated in FIG. 1, an example of a so-called Bayer array is
illustrated as the array of the color filters. However, in the
present embodiment, the configuration is not limited to the
mode illustrated in FIG. 1, and may be another array of color
filters.

As is illustrated in FIG. 1, hollow portions (air gaps) 9 are
formed around each of a plurality of the color filters 5 to 7. On
this occasion, each of the color filters 5 to 7 has one peripheral
part contacting with adjacent one or more of the color filters,
and not all the perimeter of the periphery is surrounded by the
hollow portion9. In other words, it can be said that each of the
color filters 5 to 7 has the other peripheral part around the
hollow portion. As for more details, in the example illustrated
in FIG. 1, each of the color filters 5 to 7 has a corner area
contacting with adjacent one or more of the color filters. In
addition, it is desirable that the hollow portion 9 has a width
of' 0.1 um or less, from the viewpoint of enhancing the light-
concentrating efficiency to the light receiving portion which
is provided in every pixel.

FIGS. 2A and 2B are enlarged views of a region A illus-
trated in FIG. 1.

FIG. 2A illustrates the case where a boundary line X
between a third color filter 7 positioned in the lower left and
afirstcolor filter 5 adjacent in the right direction is longer than
the length Y of %% of a width of the hollow portion 9.

In addition, FIG. 2B illustrates the case where the bound-
ary line X between the third color filter 7 positioned in the
lower left and the first color filter 5 adjacent in the right
direction is equal to the length Y of V2 of the width of the
hollow portion 9. In this case, as is illustrated in FIG. 2B, the
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third color filter 7 and the like result in coming in point-
contact with other color filters.

Specifically, in order that the third color filter 7 positioned
in the lower left is formed so as to come in contact with
another color filter in the corner area, it is necessary to control
the boundary line X contacting with the adjacent color filter in
the right direction and the like so as to be longer than the
lengthY of V2 of the width of the hollow portion. When this is
generalized, the boundary line (length X) between each of the
color filters 5 to 7 and a color filter adjacent at least in one
direction out of vertical and horizontal directions is necessary
to satisfy a condition of being longer than the length of %4 of
the width of the hollow portion 9 (longer than length Y). In the
present embodiment, each of color filters 5 to 7 is formed so
as to satisfy the condition.

FIGS. 3A to 3E are schematic views illustrating one
example of a method of manufacturing a solid-state imaging
apparatus (solid-state image sensing device) according to the
first embodiment of the present invention. Here, in the present
embodiment, the cross section of the solid-state imaging
apparatus illustrated in FIG. 3A to FIG. 3E corresponds to the
cross section of I to I' illustrated in FIG. 1.

Firstly, FIG. 3A will be described below.

At first, a plurality of light receiving portions 1 are formed
on the surface (upper face) of a semiconductor substrate SB,
for instance, in a two-dimensional matrix form. Here, the
semiconductor substrate SB is, for instance, a silicon sub-
strate, and the light receiving portion 1 is, for instance, a
photoelectric conversion element (photodiode).

Subsequently, a multi-layer wiring structure MI is formed
on the upper face of the semiconductor substrate SB. This
multi-layer wiring structure MI is produced by sequentially
forming, for instance, a first interlayer insulation layer 3a, a
first wiring layer 2a, a second interlayer insulation layer 35, a
second wiring layer 25, a third interlayer insulation layer 3c,
athird wiring layer 2¢ and a fourth interlayer insulation layer
3d, on the upper face of the semiconductor substrate SB. In
addition, in the example illustrated in FIG. 3A, the upper face
of the fourth interlayer insulation layer 34 is planarized, but
may be not planarized. Here, the first interlayer insulation
layer 3a to the fourth interlayer insulation layer 34 are col-
lectively referred to as “interlayer insulation layer 3”, and the
first wiring layer 2a to the third wiring layer 2¢ are collec-
tively referred to as “wiring layer 2”. In addition, the wiring
layer 2 may be formed with a so-called damascene process
(method of forming a groove in the interlayer insulation layer
3 of abase coat, and embedding a metal layer which becomes
the wiring layer 2 into the groove), or may be formed with a
so-called etching method (technique of forming a metal layer
on the interlayer insulation layer 3 of the base coat, and then
etching the metal layer to form a pattern). In addition, the
interlayer insulation layer 3 is formed from an inorganic
material, for instance, of silicon oxide, silicon nitride or sili-
con oxynitride. In the present embodiment, the interlayer
insulation layer 3 shall be formed from silicon oxide.

Subsequently, a first planarized layer 4 is formed on the
multi-layer wiring structure MI. This first planarized layer 4
is formed from an organic material, for instance, of an acrylic
resin base.

Subsequently, the first color filter 5, the second color filter
6 and the third color filter 7 which are a plurality of color
filters are formed on the upper face of the first planarized layer
4 with the use of a photolithographic method. Here, each of
the color filters to 7 is provided above each of the light
receiving portions 1 so as to correspond to each of the light
receiving portions 1, and is formed from an organic material,
for instance, of an acrylic resin base. In addition, in the
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example illustrated in FIG. 3A, each of the color filters 5 to 7
is formed so as to have approximately the same film thick-
ness, but may be formed so as to have different film thickness
from others.

Subsequently, as is illustrated in FIG. 3B, a photoresist 8
which is opened in boundary portions between each of the
color filters 5 to 7 is formed on the upper face of each of the
color filters 5 to 7. This photoresist 8 has an aperture width of
0.1 um or less. In the top plan view illustrated in FIG. 1, this
photoresist 8 is formed on a region in which each of the color
filters 5 to 7 is formed, and is not formed on a region in which
the hollow portion 9 is formed (specifically, which becomes
aperture). Accordingly, the photoresist 8 is formed in a region
B illustrated in FIG. 1 (specifically, aperture does not exist
therein).

Subsequently, as is illustrated in FIG. 3C, each of the color
filters 5 to 7 and the first planarized layer 4 in a portion which
is not covered with a mask are removed by the etching which
uses the photoresist 8 as the mask. Specifically, the boundary
portion between each of the color filters 5 to 7, and the like,
are removed. Thereby, the hollow portions (air gaps) 9 are
formed between each of the color filters 5 to 7. Here, the
hollow portion 9 has a width of 0.1 um or less. In addition, the
photoresist 8 is formed in the region B illustrated in FIG. 1,
and the like, and accordingly the hollow portion 9 is not
formed there.

Subsequently, as is illustrated in FIG. 3D, the photoresist 8
is removed by asking.

Subsequently, as is illustrated in FIG. 3E, a second pla-
narized layer 10 is firstly formed on the whole surface includ-
ing the upper face of each of the color filters 5 to 7. This
second planarized layer 10 functions as a sealing layer which
seals the aperture area of the hollow portion 9. In addition, the
second planarized layer 10 is formed from an organic mate-
rial, for instance, of an acrylic resin base.

Next, micro lenses 11 are formed on the upper face of the
second planarized layer 10, above each of the color filters 5 to
7, correspondingly to each of the light receiving portions 1.
This micro lens 11 is formed from an organic material, for
instance, of an acrylic resin base.

Incidentally, the second planarized layer 10 is provided in
the example illustrated in FIG. 3, but the present embodiment
is not limited to this mode, and the structure illustrated in 10
and 11, for instance, may be integrally formed as amicro lens.

A solid-state imaging apparatus (solid-state image sensing
device) 100 is produced through the above steps of FIG. 3A to
FIG. 3E, in which a plurality of pixels having each of the light
receiving portions 1 are arranged, for instance, in a two-
dimensional matrix form.

In the first embodiment, as is illustrated in FIG. 1, each of
the color filters 5 to 7 has one peripheral part contacting with
adjacent one or more of the color filters, and has the other
peripheral part around the hollow portion. In other words, not
all the perimeter of the periphery is surrounded by the hollow
portion 9.

Such a configuration can prevent the peeling of each ofthe
color filters 5 to 7 even in a cleaning step in a manufacturing
process of the solid-state imaging apparatus, a thermal shock
test to the solid-state imaging apparatus, and the like, because
each of the color filters 5 to 7 has one peripheral part contact-
ing with adjacent one or more of the color filters.

(Second Embodiment)

Next, a second embodiment of the present invention will be
described below.

FIG. 4is atop plan view of each of color filters 5 to 7, which
is one configuration of a solid-state imaging apparatus (solid-
state image sensing device) according to the second embodi-
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ment of the present invention. Incidentally, in FIG. 4, similar
configurations to those illustrated in FIG. 1 are designated by
the same reference numerals. A region in which the hollow
portion 9 is formed in the solid-state imaging apparatus
according to the second embodiment illustrated in FIG. 4 is
different from that in the solid-state imaging apparatus
according to the first embodiment illustrated in FIG. 1.

As is illustrated in FIG. 4, hollow portions 9 are formed
around each of a plurality of the color filters 5 to 7. On this
occasion, each of the color filters 5 to 7 has one peripheral part
contacting with adjacent one or more of the color filters, and
has the other peripheral part around the hollow portion. In
other words, not all the perimeter of the periphery is sur-
rounded by the hollow portion 9. In addition, it is desirable
that the hollow portion 9 has a width of 0.1 um or less, from
the viewpoint of enhancing the light-concentrating efficiency
to the light receiving portion which is provided in every pixel.

One example of a method of manufacturing a solid-state
imaging apparatus according to the second embodiment is
similar to that illustrated in FIG. 3. On this occasion, in the
present embodiment, the cross section of the solid-state imag-
ing apparatus illustrated in FIG. 3A to FIG. 3E corresponds to
the cross section of II to II' illustrated in FIG. 4.

When the method of manufacturing the solid-state imaging
apparatus illustrated in FIG. 3 is applied to the present
embodiment, in the step of forming the photoresist 8 illus-
trated in FIG. 3B, the photoresist 8 is formed on a region in
which each of the color filters 5 to 7 illustrated in FIG. 4 is
formed, and the photoresist 8 is not formed on a region in
which the hollow portion 9 is formed (specifically, which
becomes aperture).

Also in the second embodiment, as is illustrated in FIG. 4,
each of the color filters 5 to 7 has one peripheral part contact-
ing with adjacent one or more of the color filters, and has the
other peripheral part around the hollow portion. Specifically,
not all the perimeter of the periphery is surrounded by the
hollow portion 9.

Such a configuration can prevent the peeling of each of the
color filters 5 to 7 even in a cleaning step in a manufacturing
process of the solid-state imaging apparatus, a thermal shock
test to the solid-state imaging apparatus, and the like, because
each of the color filters 5 to 7 has one peripheral part contact-
ing with adjacent one or more of the color filters.

(Third Embodiment)

Next, a third embodiment of the present invention will be
described below.

FIG.5is atop planview ofeach of color filters 5 to 7, which
is one configuration of a solid-state imaging apparatus (solid-
state image sensing device) according to the third embodi-
ment of the present invention. Incidentally, in FIG. 5, similar
configurations to those illustrated in FIG. 1 are designated by
the same reference numerals. A region in which the hollow
portion 9 is formed in the solid-state imaging apparatus
according to the third embodiment illustrated in FIG. 5 is
different from that in the solid-state imaging apparatus
according to the first and second embodiments illustrated in
FIG. 1 and FIG. 4, respectively.

As is illustrated in FIG. 5, hollow portions 9 are formed
around each of a plurality of the color filters 5 to 7. On this
occasion, each of the color filters 5 to 7 has one peripheral part
contacting with adjacent one or more of the color filters, and
has the other peripheral part around the hollow portion. In
other words, not all the perimeter of the periphery is sur-
rounded by the hollow portion 9. In addition, it is desirable
that the hollow portion 9 has a width of 0.1 um or less, from
the viewpoint of enhancing the light-concentrating efficiency
to the light receiving portion which is provided in every pixel.
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One example of a method of manufacturing a solid-state
imaging apparatus according to the third embodiment is simi-
lar to that illustrated in FIG. 3. On this occasion, in the present
embodiment, the cross section of the solid-state imaging
apparatus illustrated in FIG. 3A to FIG. 3E corresponds to the
cross section of I1I to III" illustrated in FIG. 5.

When the method of manufacturing the solid-state imaging
apparatus illustrated in FIG. 3 is applied to the present
embodiment, in the step of forming the photoresist 8 illus-
trated in FIG. 3B, the photoresist 8 is formed on a region in
which each of the color filters 5 to 7 illustrated in FIG. 5 is
formed, and the photoresist 8 is not formed on a region in
which the hollow portion 9 is formed (specifically, which
becomes aperture).

Also in the third embodiment, as is illustrated in FIG. 5,
each of the color filters 5 to 7 has one peripheral part contact-
ing with adjacent one or more of the color filters, and has the
other peripheral part around the hollow portion. In other
words, not all the perimeter of the periphery is surrounded by
the hollow portion 9.

Such a configuration can prevent the peeling of each ofthe
color filters 5 to 7 even in a cleaning step in a manufacturing
process of the solid-state imaging apparatus, a thermal shock
test to the solid-state imaging apparatus, and the like, because
each of the color filters 5 to 7 has one peripheral part contact-
ing with adjacent one or more of the color filters.

(Fourth Embodiment)

Next, a fourth embodiment of the present invention will be
described below.

FIG. 6is atop plan view of each of color filters 5 to 7, which
is one configuration of a solid-state imaging apparatus (solid-
state image sensing device) according to the fourth embodi-
ment of the present invention. Incidentally, in FIG. 6, similar
configurations to those illustrated in FIG. 1 are designated by
the same reference numerals. A region in which the hollow
portion 9 is formed in the solid-state imaging apparatus
according to the fourth embodiment illustrated in FIG. 6 is
different from that in the solid-state imaging apparatus
according to the first to third embodiments illustrated in FIG.
1, FIG. 4 and FIG. 5, respectively.

As is illustrated in FIG. 6, hollow portions 9 are formed
around each of a plurality of the color filters 5 to 7. On this
occasion, each ofthe color filters 5 to 7 has one peripheral part
contacting with adjacent one or more of the color filters, and
has the other peripheral part around the hollow portion. In
other words, not all the perimeter of the periphery is sur-
rounded by the hollow portion 9. In addition, it is desirable
that the hollow portion 9 has a width of 0.1 um or less, from
the viewpoint of enhancing the light-concentrating efficiency
to the light receiving portion which is provided in every pixel.

One example of a method of manufacturing a solid-state
imaging apparatus according to the fourth embodiment is
similar to that illustrated in FIG. 3. On this occasion, in the
present embodiment, the cross section of the solid-state imag-
ing apparatus illustrated in FIG. 3A to FIG. 3E corresponds to
the cross section of IV to IV' illustrated in FIG. 6.

When the method of manufacturing the solid-state imaging
apparatus illustrated in FIG. 3 is applied to the present
embodiment, in the step of forming the photoresist 8 illus-
trated in FIG. 3B, the photoresist 8 is formed on a region in
which each of the color filters 5 to 7 illustrated in FIG. 6 is
formed, and the photoresist 8 is not formed on a region in
which the hollow portion 9 is formed (specifically, which
becomes aperture).

Also in the fourth embodiment, as is illustrated in FIG. 6,
each of the color filters 5 to 7 has one peripheral part contact-
ing with adjacent one or more of the color filters, and has the
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other peripheral part around the hollow portion. In other
words, not all the perimeter of the periphery is surrounded by
the hollow portion 9.

Such a configuration can prevent the peeling of each of the
color filters 5 to 7 even in a cleaning step in a manufacturing
process of the solid-state imaging apparatus, a thermal shock
test to the solid-state imaging apparatus, and the like, because
each of the color filters 5 to 7 has one peripheral part contact-
ing with adjacent one or more of the color filters.

(Other Embodiments)

In addition, it is also acceptable in the solid-state imaging
apparatus (solid-state image sensing device) 100 illustrated in
FIG. 3, for instance, to provide an inner lens (inner layer lens)
between a multi-layer wiring structure M1 (interlayer insula-
tion layer 3) and a first planarized layer 4, above each of the
light receiving portions 1, correspondingly to each of the light
receiving portions 1. As one example, a convex inner lens is
provided, for instance, on the interlayer insulation layer
formed from silicon nitride. Thus, the solid-state imaging
apparatus can enhance the light-concentrating efficiency to
each of the light receiving portions 1, by having the inner lens
provided therein and having the inner lens combined with the
micro lens 11.

Furthermore, it is also acceptable in the solid-state imaging
apparatus (solid-state image sensing device) 100 illustrated in
FIG. 3, for instance, to provide a waveguide (optical
waveguide) in the interlayer insulation layer 3 above each of
the light receiving portions 1, correspondingly to each of the
light receiving portions 1. This waveguide is formed, for
instance, from silicon nitride which is one example. Thus, the
solid-state imaging apparatus can enhance the light-concen-
trating efficiency to each of the light receiving portions 1, by
having the waveguide provided therein.

Note that the above embodiments are merely examples
how the present invention can be practiced, and the technical
scope of the present invention should not be restrictedly inter-
preted by the embodiments. In other words, the present inven-
tion can be practiced in various ways without departing from
the technical concept or main features of the invention.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2013-005697, filed Jan. 16, 2013, which is
hereby incorporated by reference herein in its entirety.
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What is claimed is:

1. A solid-state imaging apparatus comprising:

a plurality of light receiving portions on one surface of a

semiconductor substrate; and
aplurality of color filters arranged correspondingly to each
of the plurality of light receiving portions, wherein

each of the plurality of color filters has a peripheral edge
with a first part in direct contact with an adjacent color
filter of the plurality of color filters and a second part
separated from the adjacent color filter by a hollow
portion provided in a boundary portion between the
adjacent color filters, and

the hollow portion is provided around each of the plurality

of color filters, and the hollow portion provided around
each of the plurality of color filters is formed in a dis-
continuous pattern in a plan view.

2. The solid-state imaging apparatus according to claim 1,
wherein the hollow portion has a width of 0.1 um or less.

3. The solid-state imaging apparatus according to claim 1,
wherein a length of the first part along the peripheral edge in
a plan view is equal to or longer than %2 of a width of the
hollow portion.

4. The solid-state imaging apparatus according to claim 1,
further comprising a sealing layer sealing an aperture area of
the hollow portion.

5. The solid-state imaging apparatus according to claim 1,
wherein each of the plurality of color filters has the first
portion provided on a corner area thereof.

6. The solid-state imaging apparatus according to claim 1,
further comprising a micro lens formed above each of the
plurality of color filters, correspondingly to each of the plu-
rality of light receiving portions.

7. A method for manufacturing a solid-state imaging appa-
ratus, wherein the method comprises:

forming a plurality of light receiving portions on one sur-

face of a semiconductor substrate; and

preparing a plurality of color filters arranged correspond-

ingly to each of the plurality of light receiving portions,
wherein

each of the plurality of color filters has a peripheral edge

with a first part in direct contact with an adjacent color
filter of the plurality of color filters and a second part
separated from the adjacent color filter by a hollow
portion provided in a boundary portion between the
adjacent color filters, and

the hollow portion is provided around each of the plurality

of color filters, and the hollow portion provided around
each of the plurality of color filters is formed in a dis-
continuous pattern in a plan view.
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